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(57) ABSTRACT 

Aceramic substrate having a de?ned curvature and a method 
of its manufacture are described. For this purpose at least 
tWo ceramic layers having different de?ned temperature 
coef?cients of expansion are positioned on top of one 
another and are permanently bonded together. A curved 
ceramic substrate may be advantageously utiliZed in micro 
hybrid technology, in multilayer ceramic technology, or in 
hybrid technology, e.g., as a membrane element of a pieZore 
sistive pressure sensor element. 

3 Claims, 1 Drawing Sheet 
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CERAMIC SUBSTRATE AND METHOD OF 
MANUFACTURING SAME 

FIELD OF THE INVENTION 

The present invention relates to a ceramic substrate such 
as is used in micro-hybrid technology. 

BACKGROUND INFORMATION 

As a rule, such ceramic substrates are formed in several 
layers. For this purpose, homogeneous tape layers, i.e., tape 
layers having the same composition, are positioned on top of 
one another, laminated, and sintered. The tape layers are 
usually composed of a system of oxide glasses, such as of a 
mixture of A1203, SiO2, and CaO. These precursor sub 
stances of the ceramic substrate are chemically converted 
during sintering, forming crystalline phases, such as the 
crystalline silicate anorthite (CaO.Al2O3.2SiO2). In prac 
tice, planar multi-layer ceramic substrates are produced that 
Way. 

SUMMARY OF THE INVENTION 

An object of the present invention is the manufacture of 
a ceramic substrate having a de?ned curvature. 

In a particularly advantageous application, the ceramic 
substrate according to the present invention is used as a 
membrane element of a pressure sensor or of a force sensor 

having pieZoresistive resistors. For this purpose, the curved 
ceramic substrate according to the present invention is 
positioned in such a Way that the pressure, i.e., the force to 
be measured, acts against the pre-stress of the ceramic 
substrate, caused by the curvature. In this application the 
ceramic substrate according to the present invention is 
advantageously positioned above a planar assembly surface, 
so that a cavity is included betWeen the assembly surface and 
the ceramic substrate. In this case, the assembly surface not 
only forms a cavity limitation but is also used as a mechani 
cal stop for the ceramic substrate due to its ability to 
Withstand the pressure or force to be measured. An overload 
of the ceramic substrate is thus prevented. In addition, 
having such a composition of the sensor element, i.e., a 
planar carrier and the curved ceramic substrate according to 
the present invention, excessive stress, Which may result in 
breakage, does not normally occur in the edge areas of the 
cavity. Since a mold ceramic is not required, such a sensor 
element having a cavity may be implemented in an easy and 
cost-effective manner. 

Basically there are different possibilities for implement 
ing a ceramic substrate having a de?ned curvature according 
to the present invention. In a particularly advantageous 
variant, at least tWo ceramic layers, having different but 
de?nedly set temperature coef?cients of expansion (TCE), 
are positioned one upon the other and are permanently 
bonded together, e.g., by sintering. The curvature of the 
substrate may be very accurately predetermined in this Way. 

Through speci?c addition of crystalliZation nuclei to the 
precursor substances of the individual ceramic layers, for 
example, the temperature coef?cients of expansion may be 
easily predetermined. A de?ned amount of baked ceramic in 
pulveriZed form may be simply added to the precursor 
substances of the individual ceramic layers for this purpose. 

In an alternative variant of the method according to the 
present invention, the temperature coef?cients of the indi 
vidual ceramic layers are predetermined by the choice of the 
precursor substances and/or the composition of the particu 
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2 
lar ceramic layer. In this case, ceramic layers Which differ 
considerably in their composition, or even belong to differ 
ent material systems, are combined With each other in a 
ceramic substrate, i.e., they are positioned one upon the 
other and bonded together. Ceramic layers having the pre 
cursor substances Al2O3, PbO, and BZO3 may be combined 
for example With ceramic layers formed from precursor 
substances A1203, SiO2, and CaO. During sintering, the 
mixture of A1203, PbO, and BZO3 is converted into crystal 
line anorthite, gehlenite and/or Wollastonite, While the mix 
ture of A1203, SiO2, and CaO is converted into crystalline 
silicate anorthite during sintering. 

BRIEF DESCRIPTION OF THE DRAWING 

The FIGURE shoWs a schematic design of a pressure 
sensor element including a curved ceramic substrate accord 
ing to the present invention. 

DETAILED DESCRIPTION 

Pressure sensor element 1, depicted in the sole FIGURE, 
includes a planar carrier 2 Which is designed to Withstand the 
expected pressure Without deformation. Carrier 2 may be 
formed from metal or from a ceramic substrate, for example. 
A membrane element 3 in the form of a ceramic substrate 
having a de?ned curvature according to the present inven 
tion is mounted on planar carrier 2, so that a cavity 4 is 
situated betWeen carrier 2 and ceramic substrate 3. A circuit 
5 is located on the side of ceramic substrate 3 facing aWay 
from cavity 4, the circuit including at least one pieZoresistive 
resistor element Which may be implemented using screen 
printing technology. The circuit including the pieZoresistive 
resistor element may also be situated on the side of the 
ceramic substrate facing the cavity, Where it is better pro 
tected against external effects. 

Pressure sensor element 1 is positioned in such a Way that 
the pressure to be measured acts against the pre-stress of 
membrane element 3, caused by the curvature, thereby 
causing a deformation of membrane element 3. The curva 
ture of membrane element 3 changes from a maximum 
curvature in the initial stage to a minimum curvature at the 
stop Which is formed by carrier 2. Due to the curvature of 
membrane element 3, the electric resistance of the pieZore 
sistive resistor also changes. The pressure may be easily 
determined by analyZing this change in resistance, e.g., via 
a Wheatstone bridge circuit. 
The maximum force acting upon such a sensor element 1 

depends essentially on the geometry of membrane element 
3. The maximum detectable force increases by increasing 
the thickness and the Width, as Well as reducing the length 
of the ceramic. According to its geometric design, sensor 
element 1 may be used for small and sensitive, or large 
measuring ranges. 
As mentioned above, membrane element 3 is a ceramic 

substrate according to the present invention having a de?ned 
curvature, i.e., pre-stress. It is composed of several layers 
Whose precursor substances in each case are aAl2O3 poWder 
and a frit Which is mainly composed of A1203, SiO2, and 
CaO. 

In order to manufacture such a membrane element, tWo 
layers of the precursor substances having minor doping of 
crystalliZation nuclei, and tWo layers of the precursor sub 
stances having higher doping of crystalliZation nuclei are 
piled on top of each other and are laminated in the described 
exemplary embodiment. Doping With crystalliZation nuclei 
takes place through the addition of baked ceramics in 
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pulverized form. The difference in the doping of the indi 
vidual layers is preferably on the order of magnitude of up 
to 0.5 Weight percent. The crystallization behavior of the 
individual layers is determined, among other things, by their 
doping Which is re?ected by the process of the crystalliZa 
tion and to a lesser extent by the material composition of the 
individual layers. In addition, the temperature coef?cients of 
expansion (TCE) of the individual layers are also deter 
mined by their doping. Thus, the temperature coef?cients of 
expansion and thus also the differences betWeen the tem 
perature coef?cients of expansion of the individual layers 
(TCE differences) may be speci?cally set via de?ned dop 
ing. For a difference in the doping amount of up to 0.5 
Weight percent, a TCE difference of up to 0.310-6 l/K is to 
be expected. 

The chemical conversion of the precursor substances 
takes place during the subsequent sintering, forming the 
crystalline silicate anorthite (CaO.Al2O3.2SiO2). A1203 and 
residue of the frits remain in excess. Due to the different 
temperature coefficients of expansion of the tWo layers 
having a minor doping and the tWo layers having a higher 
doping of crystalliZation nuclei, an appropriate curvature of 
the substrate is established as early as during cooling doWn 
after sintering, as in the case of a bimetal. It has been found 
that the theoretically determined values for the curvature in 
a 2-layer model agree very Well With the experimentally 
determined values. 

After sintering of the ceramic substrate, a printed circuit 
paste may be applied to the convex surface of the ceramic 
substrate. 

Finally it should be noted, as described above, that 
utilization as a membrane element in a pressure sensor 
element represents only an example of the application of a 
ceramic substrate according to the present invention, and 
that the present invention is not limited to this utiliZation. 
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What is claimed is: 
1. A method of manufacturing a ceramic substrate having 

a body With a de?ned curvature, comprising: 
positioning at least tWo ceramic layers having different 

de?ned temperature coef?cients of expansion on top of 
one another; and 

permanently bonding together the at least tWo ceramic 
layers; 

Wherein the temperature coef?cients of expansion of the 
at least tWo ceramic layers are prede?ned by speci?c 
addition of crystalliZation nuclei to precursor sub 
stances. 

2. The method as recited in claim 1, Wherein: 
baked ceramic in pulveriZed form is added as the crys 

talliZation nuclei. 
3. A method of manufacturing a ceramic substrate having 

a body With a de?ned curvature, comprising: 
positioning at least tWo ceramic layers having different 

de?ned temperature coef?cients of expansion on top of 
one another; and 

permanently bonding together the at least tWo ceramic 
layers; 

Wherein the temperature coef?cients of expansion of the 
at least tWo ceramic layers are prede?ned by at least 
one of a choice of precursor substances and a compo 
sition of the at least tWo ceramic layers, 

a precursor substance of a ?rst ceramic layer of the at least 
tWo ceramic layers includes A1203, PbO, and B203, 
and 

a precursor substance of a second ceramic layer of the at 
least tWo ceramic layers includes A1203, SiO2, and 
CaO. 


